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(57) ABSTRACT

A biological information monitor includes: a first measuring
unit which measures a pulse wave propagation time of a
patient; a second measuring unit which measures a blood
pressure of the patient; a calculating unit which calculates an
estimated blood pressure value of the patient based on the
pulse wave propagation time of the patient; a setting unit
which sets a threshold; and a determining unit which com-
pares the estimated blood pressure value with the threshold.
The second measuring unit is activated to measure the blood
pressure of the patient at least one of at time intervals and at
a time when an operator operates the second measuring unit,
and the second measuring unit is activated to measure the
blood pressure of the patient by the determining unit based
on the comparison result.

5 Claims, 6 Drawing Sheets
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1
BIOLOGICAL INFORMATION MONITOR

BACKGROUND OF THE INVENTION

The present invention relates to a biological information
monitor in which a pulse wave propagation time (PWTT)
measuring unit and a noninvasive blood pressure (NIBP)
measuring unit are used together.

Japanese Patent No. 3,054,084 discloses a related art of a
blood pressure monitor apparatus in which a pulse wave
propagation time measuring unit and a noninvasive blood
pressure measuring unit are used together.

Japanese Patent No. 3,054,084 discloses the following
configuration.

Referring to FIG. 3, a blood pressure monitor apparatus 8
includes: a cuff 10 which has a belt-like cloth bag and a
rubber bag accommodated in the cloth bag, and which is
attached to be wound around, for example, an upper arm 12
of a patient; a pressure sensor 14; a selector valve 16; and an
air pump 18. The pressure sensor 14, the selector valve 16,
and the air pump 18 are connected to the cuff 10 via a piping
20. The selector valve 16 is configured so as to be selectively
switched to one of three states: an inflation state in which
pressurized air is allowed to be supplied to the cuff 10; a
slow-deflation state in which the pressurized air in the cuff
10 is slowly discharged; and a quick-deflation state in which
the pressurized air in the cuff 10 is quickly discharged.

The pressure sensor 14 detects the pressure in the cuff 10,
and supplies a pressure signal SP indicative of the detected
pressure to each of a static pressure filter circuit 22 and a
pulse wave filter circuit 24. The static pressure filter circuit
22 includes a low-pass filter, extracts a static component
contained in the pressure signal SP, i.e, a cuff pressure
signal SK indicative of the cuff pressure, and supplies the
cuff pressure signal SK to an electronic control device 28 via
an A/D converter 26. The pulse wave filter circuit 24
includes a band-pass filter, extracts, on a frequency base, a
pulse wave signal SM; which is an oscillating component of
the pressure signal SP, and supplies the pulse wave signal
SM; to the electronic control device 28 via an A/D converter
30. The pulse wave signal SM, represents the cuff pulse
wave which is an oscillatory pressure wave that is produced
from a brachial artery (not shown) in synchronism with the
heartbeat of the patient, and that is then transmitted to the
cuff 10.

The electronic control device 28 is configured by a
so-called microcomputer including a CPU 29, a ROM 31, a
RAM 33, an I/O port (not shown), and the like. The CPU 29
processes signals according to control programs pre-stored
in the ROM 31 by utilizing the storage function of the RAM
33, and supplies drive signals through the /O port to control
the selector valve 16 and the air pump 18.

An electrocardiograph 34 continuously detects an elec-
trocardiogram indicative of the action potential of the car-
diac muscle through a plurality of electrodes 36 which are
applied to predetermined portions of a living body, and
supplies a signal SM,, indicative of the electrocardiogram to
the electronic control device 28. The electrocardiograph 34
is used for detecting a Q-wave or R-wave of the electrocar-
diogram which corresponds to a timing when the pumping
output of blood from the heart toward the aorta is started.

A photoplethysmogram detecting probe 38 (hereinafter,
referred to simply as the “probe”) for a pulse oximeter
detects a pulse wave propagated to a peripheral artery
including capillaries. For example, the probe is attached to
the skin of the living body or the body surface 40 such as a
finger tip of the subject in a closely contacted state by a
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harness (not shown). The probe 38 includes: a container-like
housing 42 which opens in one direction; a plurality of first
and second light emitting elements 44a, 445 (hereinafter,
referred to simply as the light emitting elements 44 in the
case where they need not be discriminated from each other)
each of which is configured by an LED or the like, and
which are disposed on an outer peripheral portion of an inner
bottom surface of the housing 42; a light receiving element
46 which is configured by a photodiode, a phototransistor, or
the like, and which is disposed on a middle portion of the
inner bottom surface of the housing 42; a transparent resin
48 which is integrally disposed in the housing 42 to cover
the light emitting elements 44 and the light receiving ele-
ment 46; and annular shade members 50 which are disposed
between the light emitting elements 44 and the light receiv-
ing element 46 in the housing 42, for preventing light
emitted toward the body surface 40 by the light emitting
elements 44 and reflected from the body surface 40, from
being received by the light receiving element 46.

For example, the first light emitting element 44a emits red
light having a wavelength of about 660 nm, and the second
light emitting element 445 emits infrared light having a
wavelength of about 800 nm. The first and second light
emitting elements 44a, 445 alternately emit the red light and
the infrared light for a predetermined time period at a
predetermined frequency. The light emitted toward the body
surface 40 by the light emitting elements 44 is reflected from
a body portion where capillaries densely exist, and the
reflected light is received by the common light receiving
element 46. The wavelengths of the light emitted from the
light emitting elements 44 are not restricted to those
described above as far as the first light emitting element 44a
emits light having a wavelength which exhibits significantly
different absorption factors with respect to oxygenated
hemoglobin and reduced hemoglobin, and the second light
emitting element 445 emits light having a wavelength which
exhibits a substantially same absorption factors with respect
to the two kinds of hemoglobin, or namely emit light having
a wavelength which is reflected by oxygenated hemoglobin
and reduced hemoglobin.

The light receiving element 46 outputs a photoplethys-
mogram signal SM; the level of which corresponds to the
amount of the received light, through a low-pass filter 52. An
amplifier and the like are adequately connected between the
light receiving element 46 and the low-pass filter 52. The
low-pass filter 52 eliminates noises having a frequency
higher than that of the pulse wave, from the photoplethys-
mogram signal SM,; input thereto, and outputs the resulting
signal SM; from which the noises are eliminated, to a
demultiplexer 54. The photoplethysmogram indicated by the
photoplethysmogram signal SM; is a volume pulse wave
which is generated in synchronism with the pulse of the
patient. The photoplethysmogram corresponds to a pulse-
synchronous wave.

The demultiplexer 54 is alternately switched according to
a signal from the electronic control device 28, in synchro-
nism with the light emissions of the first and second light
emitting elements 44a, 445, and hence successively sup-
plies, to the 1/O port (not shown) of the electronic control
device 28, an electric signal SMy, due to the red light through
a sample-and-hold circuit 56 and an A/D converter 58, and
an electric signal SM; due to the infrared light through a
sample-and-hold circuit 60 and an A/D converter 62. When
the input electric signals SMy, SM; are to be output to the
A/D converters 58, 62, the sample-and-hold circuits 56, 60
hold the electric signals, respectively, until the operations of
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converting the electric signals SM, SM;, which are previ-
ously output are completed in the A/D converters 58, 62,
respectively.

In the electronic control device 28, the CPU 29 carries out
a measuring operation according to programs pre-stored in
the ROM 31 by utilizing the storage function of the RAM
33, and outputs a control signal SLV to a drive circuit 64 so
as to cause the light emitting elements 44a, 44b to sequen-
tially emit the red light and the infrared light at predeter-
mined frequencies for a predetermined time period. In
synchronism with the alternate light emissions by the light
emitting elements 44a, 445, the CPU outputs a switch signal
SC to switch over the state of the demultiplexer 54, so that
the electric signal SMj, is selectively supplied to the sample-
and-hold circuit 56, and the electric signal SM,, to the
sample-and-hold circuit 60. The CPU 29 calculates the
blood oxygen saturation of the living body, based on the
amplitudes of the electric signals SMy, SM,,, according to
a calculation expression which is previously stored for
calculating the blood oxygen saturation.

FIG. 4 is a functional block diagram illustrating the
control function of the electronic control device 28 of the
blood pressure monitor apparatus 8. Referring to FIG. 4, a
blood pressure measuring unit 70 determines the maximal
blood pressure value BPg,, the mean blood pressure value
BP, /x4~ the minimal blood pressure value BP,;,, and the
like, according to an oscillometric method, based on varia-
tions of the magnitudes of the pulse wave indicated by the
pulse wave signal SM, which is successively obtained in a
slow pressure lowering period in which, after the pressing
pressure of the cuff 10 wound around the upper arm of the
living body is rapidly increased by a cuff pressure regulating
unit 72 to a target pressure value P,, (e.g., a pressure value
of'about 180 mmHg), the pressure is slowly lowered at a rate
of about 3 mmHg/sec.

A pulse wave propagation information calculating unit 74
includes a time-difference calculating unit for, as shown in
FIG. 5, successively calculating the time difference (pulse
wave propagation time) DTy, from a predetermined portion,
for example, the R-wave which is generated in each period
of the electrocardiogram successively detected by the elec-
trocardiograph 34, to a predetermined portion, for example,
the rising point or lower peak which is generated in each
period of the photoplethysmogram successively detected by
the probe 38. The pulse wave propagation information
calculating unit 74 calculates the propagation velocity V,,
(m/sec) of the pulse wave propagated through the artery of
the subject, according to Expression 1 which is previously
stored, based on the time difference DT, which is succes-
sively calculated by the time-difference calculating unit. In
Expression 1, L (m) is the distance from the left ventricle to
the portion to which the probe 38 is attached, via the aorta,
and T,zp (sec) is the pre-ejection period from the R-wave of
the electrocardiogram of to the lower peak of the photopl-
ethysmogram. The distance L. and the pre-ejection period
T »zp are constants, and experimentally obtained in advance.

Vae=L/(DTgp-Tpzp) (Exp. 1)

A correspondence relationship determining unit 76 pre-
viously determines coefficients o and [ in a relational
expression of the pulse wave propagation time DT, or the
pulse wave propagation velocity V,, indicated by Exp. 2 or
Exp. 3 and the maximal blood pressure value BP ., based
on the maximal blood pressure value BP ;- measured by the
blood pressure measuring unit 70, and the pulse wave
propagation time DT, or the propagation velocity V,,
during each blood pressure measurement period, for
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example, the average value of the pulse wave propagation
time DT, or the propagation velocity V,,during the period.
Alternatively, a relationship of the mean blood pressure
value BP,,-,» or minimal blood pressure value BP,,,
measured by the blood pressure measuring unit 70 in place
of the maximal blood pressure value BP,, and the pulse
wave propagation time DT or the propagation velocity V,,
in the blood pressure measurement period may be obtained.
In short, the selection is made depending upon which one of
the maximal, mean, and minimal blood pressure values is
selected as a monitor blood pressure value (estimated blood
pressure value) EBP.

EBP=0(DTgp)+p (where a is a negative constant

and P is a positive constant) (Exp. 2)
EBP=0a(V,,)+p (where a is a positive constant and 3
is a positive constant) (Exp. 3)

An estimated blood pressure value determining unit 78
successively determines the estimated blood pressure value
EBP based on the actual actual pulse wave propagation time
DTgp or propagation velocity V,, which is successively
calculated by the pulse wave propagation information
obtaining unit 74, according to the correspondence relation-
ship (Exp. 2 and Exp. 3) between the blood pressure value
of the living body and the pulse wave propagation time
DTy or the propagation velocity V,, of the living body.

When the estimated blood pressure value determined by
the estimated blood pressure value determining unit 78
exceeds a preset determination reference, the blood pressure
measurement by the blood pressure measuring unit 70 is
executed.

In a related-art blood pressure monitor apparatus in which
a pulse wave propagation time measuring unit and a non-
invasive blood pressure measuring unit are used together,
the blood pressure measurement by the noninvasive blood
pressure measuring unit is executed based on that an esti-
mated blood pressure value determined by an estimated
blood pressure value determining unit exceeds a preset
determination reference (detection threshold). When, in
order to enhance the sensitivity to a change of the estimated
blood pressure value, the preset determination reference
(detection threshold) is set to be small, the noninvasive
blood pressure measuring unit is frequently activated, and a
large burden is imposed on the patient, and hence it is
difficult to set an adequate detection threshold.

SUMMARY

It is therefore an object of the invention to provide a blood
pressure monitor apparatus in which a pulse wave propaga-
tion time measuring unit and a noninvasive blood pressure
measuring unit are used together, and, when an estimated
blood pressure value based on the pulse wave propagation
time exceeds a preset determination reference, blood pres-
sure measurement by the noninvasive blood pressure mea-
suring unit is executed, and in which a burden on the patient
due to frequent activation of the noninvasive blood pressure
measuring unit can be reduced.

In order to achieve the object, according to the invention,
there is provided a biological information monitor compris-
ing:

a first measuring unit which measures a pulse wave
propagation time of a patient;

a second measuring unit which measures a blood pressure
of the patient;
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a calculating unit which calculates an estimated blood
pressure value of the patient based on the pulse wave
propagation time of the patient;

a setting unit which sets a threshold; and

a determining unit which compares the estimated blood
pressure value with the threshold, wherein

the second measuring unit is activated to measure the
blood pressure of the patient at least one of at time intervals
and at a time when an operator operates the second mea-
suring unit, and

the second measuring unit is activated to measure the
blood pressure of the patient by the determining unit based
on the comparison result.

The threshold may include first and second upper limits
which are different from each other and first and second
lower limits which are different from each other.

The first upper limit may be upper than the second upper
limit, and the first lower limit may be lower than the second
lower limit. When the estimated blood pressure value
exceeds the second upper limit or falls below the second
lower limit, the second measuring unit may be activated to
measure the blood pressure of the patient.

The first upper limit may be upper than the second upper
limit, and the first lower limit may be lower than the second
lower limit. In a case where a time period when the
estimated blood pressure value exceeds the second upper
limit or falls below the second lower limit is shorter than a
predetermined time period, the second measuring unit is not
activated.

The first upper limit may be upper than the second upper
limit. When the estimated blood pressure value exceeds the
first upper limit, the second measuring unit may be activated
to measure the blood pressure of the patient. After the
estimated blood pressure value exceeds the first upper limit,
the second measuring unit is not activated unless the esti-
mated blood pressure value falls below the second upper
limit.

The first lower limit may be lower than the second lower
limit. When the estimated blood pressure value falls below
the first lower limit, the second measuring unit may be
activated to measure the blood pressure of the patient. After
the estimated blood pressure value falls below the first lower
limit, the second measuring unit is not activated unless the
estimated blood pressure value exceeds the second lower
limit.

The estimated blood pressure value may be calculated by
an expression of EBP=axPWTT+p, where EBP is the
estimated blood pressure value, PWTT is the pulse wave
propagation time, and o and [} are constants. The o and
may be updated so that the estimated blood pressure value
is equal to a value of the blood pressure of the patient
measured by activating the second measuring unit at least
one of at time intervals and at the time when the operator
operates the second measuring unit.

During a time period when the second measuring unit is
activated to measure the blood pressure of the patient at least
one of at time intervals and at the time when the operator
operates the second measuring unit, calculation of the esti-
mated blood pressure value may be halted.

The biological information monitor may further include a
display portion on which the threshold and the estimated
blood pressure value are simultaneously displayed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating the configuration of
a blood pressure monitor apparatus of the invention.
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FIGS. 2A to 2C are views showing relationships between
first thresholds al, bl which are set by a first threshold
setting portion and second thresholds a2, b2 which are set by
a second threshold setting portion, and activation of an NIBP
measuring portion due to comparison with an estimated
blood pressure value.

FIG. 3 is a block diagram illustrating the configuration of
a related-art blood pressure monitor apparatus.

FIG. 4 is a functional block diagram illustrating the
control function of an electronic control device in the
related-art blood pressure monitor apparatus.

FIG. 5 is a view showing relationships of a time difference
(pulse wave propagation time) from a predetermined por-
tion, for example, the R-wave which is generated in each
period of the electrocardiogram successively detected by an
electrocardiograph, to a predetermined portion, for example,
a rising point or lower peak which is generated in each
period of a photoplethysmogram successively detected by a
probe.

FIG. 6 is a view showing a simultaneous display of first
thresholds and an estimated blood pressure value on a
displaying portion of a biological information monitor.

DETAILED DESCRIPTION OF EMBODIMENTS

The configuration of the invention will be described with
reference to FIG. 1.

Referring to FIG. 1, a biological information monitor of
the invention includes as measuring portions: an electrocar-
diogram (ECG) measuring portion 2 which detects an elec-
trocardiogram indicative of the action potential of the car-
diac muscle through a plurality of electrodes 3 which are
applied to predetermined portions of the patient; a pulse
wave (SpO2) measuring portion 5 which detects a pulse
wave propagated to a peripheral artery including capillaries,
by means of a photoplethysmographic detecting probe 4
which is attached to a finger or the like of the patient; and
a noninvasive blood pressure (NIBP) measuring portion 6
which measures a blood pressure of the patient by means of
a cuff 1 wound around an upper arm of the patient.

The biological information monitor of the invention
shown in FIG. 1 further includes a pulse wave propagation
time (PWTT) measuring portion 7 that successively calcu-
lates the time difference (pulse wave propagation time)
(PWTT) from a predetermined portion, for example, the
R-wave which is generated in each period of the electrocar-
diogram which is successively detected by the ECG mea-
suring portion 2 in response to measurement signals of the
ECG measuring portion and the SpO2 measuring portion 5,
to a predetermined portion, for example, the rising point or
lower peak which is generated in each period of the pho-
toplethysmogram which is successively detected by the
probe 4.

A blood pressure estimating portion 8 shown in FIG. 1
each time calculates an estimated blood pressure value
(EBP) of the patient from the pulse wave propagation time
PWTT of the patient which is measured by the PWTT
measuring portion 7, by a conversion expression of EBP=ax
PWTT+f (where o and f§ are coefficients).

An NIBP measurement activation determining portion 9
shown in FIG. 1 compares the estimated blood pressure
value of the patient which is obtained as a result of the
conversion in the blood pressure estimating portion 8, with
threshold values, which are set by a first threshold setting
portion 10 and a second threshold setting portion 11, to
activate the NIBP measuring portion 6 based on the com-
parison result . In a case that upper and lower limit alarm set
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values in monitoring of the blood pressure of the patient are
set as the first threshold values in the biological information
monitor, a new process and a member for setting the alarm
in monitoring of the blood pressure are not required. How-
ever, the first threshold values are not restricted to the alarm
set values.

In the biological information monitor of the invention
shown in FIG. 1, o and f in the conversion expression of
EBP=axPWTT+f are updated so that the above described
estimated blood pressure value is equal to an actual blood
pressure value which is measured by at least one of mea-
surement executed at predetermined time intervals by the
NIBP measuring portion 6 and measurement by the NIBP
measuring portion 6 which is operated by the operator,
whereby the accuracy of the estimated blood pressure value
can be further enhanced.

In the biological information monitor of the invention
shown in FIG. 1, during measurement by the NIBP mea-
suring portion 6, there is a possibility that a burden is
imposed on the patient to affect the calculation of the above
described estimated blood pressure value. During measure-
ment executed at predetermined time intervals by the NIBP
measuring portion 6 or measurement by the NIBP measuring
portion 6 which is operated by the operator, therefore, the
calculation of the above described estimated blood pressure
value is halted, whereby the accuracy of the estimated blood
pressure value can be further enhanced.

Next, relationships between first thresholds al, b1 which
are set by the first threshold setting portion 10 and second
thresholds a2, b2 which are set by the second threshold
setting portion 11, and the activation of the NIBP measuring
portion 6 due to comparison with the estimated blood
pressure value will be described with reference to FIGS. 2A
to 2C.

FIG. 2A is a view showing relationships between first
thresholds al, bl and second thresholds a2, b2, and an
estimated blood pressure value in Set example 1.

The first thresholds al, bl in FIG. 2A indicate blood
pressure values corresponding to the related-art determina-
tion reference. In the related art, when the estimated blood
pressure value determined by the estimated blood pressure
value determining unit 78 exceeds (falls below) the deter-
mination reference, the blood pressure measurement by the
blood pressure measuring unit 70 is executed. The first
threshold al corresponds to an upper limit, and the first
threshold b1 corresponds to a lower limit.

In FIG. 2A, the second thresholds a2, b2 are set inside the
first thresholds al, bl.

In the left graph of FIG. 2A, the estimated blood pressure
value is usually changed inside the second thresholds a2, b2.

At both timings t1 and t2 when the estimated blood
pressure value exceeds the second threshold a2 and the first
threshold al which are upper limits, the measurement of the
blood pressure of the patient by the NIBP measuring portion
6 is executed.

During a time shown in the left graph of FIG. 2A, the
blood pressure of the patient is measured by at least one of
measurement executed at predetermined time intervals by
the NIBP measuring portion 6 and measurement by the
NIBP measuring portion 6 which is operated by the operator.

Also in the right graph of FIG. 2A, similarly, the esti-
mated blood pressure value is usually changed inside the
second thresholds a2, b2.

At both timings t1 and t2 when the estimated blood
pressure value falls below the second threshold b2 and the
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first threshold b1 which are lower limits, the measurement of
the blood pressure of the patient by the NIBP measuring
portion 6 is executed.

Also during a time shown in the right graph of FIG. 2A,
similarly, the blood pressure of the patient is measured by at
least one of measurement executed at predetermined time
intervals by the NIBP measuring portion 6 and measurement
by the NIBP measuring portion 6 which is operated by the
operator.

In FIG. 2A, as described above, the first thresholds are set
to the upper and lower limit alarm set values in monitoring
of the blood pressure of the patient, and the second thresh-
olds are set inside the upper and lower limit alarm set values.
Therefore, the blood pressure of the patient is measured by
at least one of measurement executed at predetermined time
intervals by the NIBP measuring portion 6 and measurement
by the NIBP measuring portion 6 which is operated by the
operator, and, at the both timings when the estimated blood
pressure value exceeds the first and second thresholds which
are the upper limits and falls below the first and second
thresholds which are lower limits, the measurement of the
blood pressure of the patient by the NIBP measuring portion
6 is executed. Therefore, it is possible to cope with a sudden
change of the blood pressure of the patient.

Further, in the case where a time period when the esti-
mated blood pressure value exceeds the second threshold a2
or falls below the second threshold b2 is shorter than a
predetermined time period, the measurement of the blood
pressure of the patient by the NIBP measuring portion 6 may
be halted.

FIG. 2B is a view showing relationships between first
thresholds al, bl and second thresholds a2, b2, and an
estimated blood pressure value in Set example 2.

The first thresholds al, bl in FIG. 2B indicate blood
pressure values corresponding to the related-art determina-
tion reference. The first threshold al corresponds to an upper
limit, and the first threshold b1 corresponds to a lower limit.

In FIG. 2B, the second thresholds a2, b2 are set outside
the first thresholds al, bl.

In the left graph of FIG. 2B, the estimated blood pressure
value is usually changed inside the first thresholds al, bl.

At both timings t1 and t2 when the estimated blood
pressure value exceeds the first threshold al and the second
threshold a2 which are upper limits, the measurement of the
blood pressure of the patient by the NIBP measuring portion
6 is executed.

During a time in the left graph of FIG. 2B, the blood
pressure of the patient is measured by at least one of
measurement executed at predetermined time intervals by
the NIBP measuring portion 6 and measurement by the
NIBP measuring portion 6 which is operated by the operator.

Also in the right graph of FIG. 2B, similarly, the estimated
blood pressure value is usually changed inside the first
thresholds al, bl.

At both timings t1 and t2 when the estimated blood
pressure value falls below the first threshold b1 and the
second threshold b2, the measurement of the blood pressure
of the patient by the NIBP measuring portion 6 is executed.

Also during a time shown in the right graph of FIG. 2B,
similarly, the blood pressure of the patient is measured by at
least one of measurement executed at predetermined time
intervals by the NIBP measuring portion 6 and measurement
by the NIBP measuring portion 6 which is operated by the
operator.

In Set example 2 of FIG. 2B, as compared with Set
example 1 of FIG. 2A, the number of measurements of the
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blood pressure of the patient by the NIBP measuring portion
6 may be reduced, so that the burden on the patient may be
reduced.

FIG. 2C is a view showing relationships between first
thresholds al, bl and second thresholds a2, b2, and an
estimated blood pressure value in Set example 3.

The first thresholds al, bl in FIG. 2C indicate blood
pressure values corresponding to the related-art determina-
tion reference. The first threshold al corresponds to an upper
limit, and the first threshold b1 corresponds to a lower limit.

In FIG. 2C, the second thresholds a2, b2 are set inside the
first thresholds al, bl.

In the left graph of FIG. 2C, the estimated blood pressure
value is usually changed inside the second thresholds a2, b2.

At the timing when the estimated blood pressure value
exceeds the second threshold a2, the measurement of the
blood pressure of the patient by the NIBP measuring portion
6 is not executed.

In the case where, after the estimated blood pressure value
exceeds the second threshold a2, the estimated blood pres-
sure value exceeds the first threshold al (at a timing t1),
however, the measurement of the blood pressure of the
patient by the NIBP measuring portion 6 is executed.

After the blood pressure of the patient is measured at the
timing t1 by the NIBP measuring portion 6, even when the
estimated blood pressure value again exceeds the first
threshold al at timings t2 and t3, the measurement of the
blood pressure of the patient by the NIBP measuring portion
6 is not executed unless the estimated blood pressure value
falls below the second threshold a2.

After the blood pressure of the patient is measured at the
timing t1 by the NIBP measuring portion 6, when the
estimated blood pressure value falls below the second
threshold a2, however, the measurement of the blood pres-
sure of the patient by the NIBP measuring portion 6 is
executed at a timing t4 when the estimated blood pressure
value again exceeds the first threshold al.

Also during a time shown in the left graph of FIG. 2C, the
blood pressure of the patient is measured by at least one of
measurement executed at predetermined time intervals by
the NIBP measuring portion 6 and measurement by the
NIBP measuring portion 6 which is operated by the operator.

In the right graph of FIG. 2C, the estimated blood pressure
value is usually changed inside the second thresholds a2, b2.

At a timing when the estimated blood pressure value falls
below the second threshold b2, the measurement of the
blood pressure of the patient by the NIBP measuring portion
6 is not executed.

In the case where, after the estimated blood pressure value
falls below the second threshold b2, the estimated blood
pressure value falls below the first threshold b1 (at a timing
t1), however, the measurement of the blood pressure of the
patient by the NIBP measuring portion 6 is executed.

After the blood pressure of the patient is measured at the
timing t1 by the NIBP measuring portion 6, even when the
estimated blood pressure value again falls below the first
threshold b1 at a timing t2, the measurement of the blood
pressure of the patient by the NIBP measuring portion 6 is
not executed unless the estimated blood pressure value
exceeds the second threshold b2.

After the blood pressure of the patient is measured at the
timing t1 by the NIBP measuring portion 6, when the
estimated blood pressure value exceeds the second threshold
b2, however, the measurement of the blood pressure of the
patient by the NIBP measuring portion 6 is executed at a
timing t3 when the estimated blood pressure value again
falls below the first threshold b1.
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After the blood pressure of the patient is measured at the
timing t3 by the NIBP measuring portion 6, even when the
estimated blood pressure value again falls below the first
threshold b1 at a timing t4, the measurement of the blood
pressure of the patient by the NIBP measuring portion 6 is
not executed unless the estimated blood pressure value
exceeds the second threshold b2.

Also during a time shown in the right graph of FIG. 2C,
the blood pressure of the patient is measured by at least one
of measurement executed at predetermined time intervals by
the NIBP measuring portion 6 and measurement by the
NIBP measuring portion 6 which is operated by the operator.

In Set example 3 of FIG. 2C, as compared with Set
example 1 of FIG. 2A and Set example 2 of FIG. 2B,
frequent execution of the measurement of the blood pressure
of the patient by the NIBP measuring portion 6 is reduced,
so that the burden on the patient may be reduced.

In any of the cases of FIGS. 2A, 2B, and 2C, in the case
where a predetermined time period has not elapsed from the
timing when the measurement of the blood pressure of the
patient by the NIBP measuring portion 6 (including both of
the measurement executed when the estimated blood pres-
sure value exceeds (falls below) the threshold, and the
measurement executed at predetermined time intervals or
operated by the operator) is executed, the measurement of
the blood pressure of the patient by the NIBP measuring
portion 6 may be omitted, so that the burden on the patient
may be further reduced.

In order to check the start of the blood pressure measure-
ment, at least one of the first and second thresholds are
displayed together with the estimated blood pressure value
on a displaying portion of the biological information moni-
tor. In FIG. 6, the first thresholds and the estimated blood
pressure value are simultaneously displayed on the display-
ing portion of the biological information monitor.

According to an aspect of the invention, a burden on the
patient due to frequent activation of the noninvasive blood
pressure measuring unit can be reduced.

What is claimed is:

1. A biological information monitor comprising:

a first measuring unit which measures a pulse wave
propagation time of a patient;

a second measuring unit which measures a blood pressure
of the patient;

a calculating unit which calculates an estimated blood
pressure value of the patient based on the pulse wave
propagation time of the patient;

a setting unit which sets a threshold; and

a determining unit which compares the estimated blood
pressure value with a first upper limit, a second upper
limit, a first lower limit, and a second lower limit,

wherein when the estimated blood pressure exceeds the
second upper limit, the second measuring unit is not
activated,

wherein when the estimated blood pressure exceeds the
first upper limit, the second measuring unit is activated
to measure the blood pressure of the patient, and after
the estimated blood pressure value exceeds the first
upper limit, the second measuring unit is not activated
unless the estimated blood pressure value falls below
the second upper limit and then exceeds the first upper
limit again,

wherein the first and second upper limits are different
from each other and the first upper limit is greater than
the second upper limit;
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wherein when the estimated blood pressure falls below
the second lower limit, the second measuring unit is not
activated,

wherein when the estimated blood pressure falls below
the first lower limit, the second measuring unit is
activated to measure the blood pressure of the patient
and after the estimated blood pressure value falls below
the first lower limit, the second measuring unit is not
activated unless the estimated blood pressure value
exceeds the second lower limit and then falls below the
first lower limit again, and

wherein the first and second lower limits are different
from each other and the first lower limit is less than the
second lower limit.

2. The biological information monitor according to claim
1, wherein the estimated blood pressure value is calculated
by an expression of EBP=axPWTT+f}, where EBP is the
estimated blood pressure value, PWTT is the pulse wave
propagation time, and o and 3 are constants, and the o and
[ are updated so that the estimated blood pressure value is
equal to a value of the blood pressure of the patient mea-
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sured by activating the second measuring unit at least one of
at time intervals and at a time when the operator operates the
second measuring unit.

3. The biological information monitor according to claim

1, wherein during a time period when the second measuring
unit is activated to measure the blood pressure of the patient
at least one of at time intervals and at a time when the
operator operates the second measuring unit, calculation of
the estimated blood pressure value is halted.

4. The biological information monitor according to claim

1, further comprising:

a display portion on which at least one of the first upper
limit, the first lower limit, the second upper limit, and
the second lower limit and the estimated blood pressure
value are simultaneously displayed.

5. The biological information monitor according to claim

1, wherein the determining unit determines whether a time
period when the estimated blood pressure value exceeds the
second upper limit or falls below the second lower limit is
shorter than a predetermined time period, the determining
unit withholds activation of the second measuring unit when
the time period is shorter than the predetermined time.
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